Tetraethylammonium (TEA) given intravenously decreases peripheral vascular resistance. The magnitude of the decrement is related directly to the prevailing level of neurogenic vasomotor tone. TEA was administered to hypertensive and normotensive subjects. The decrements in resistance of the foot did not differ between the two groups. The decrements of the forearm also did not differ. These findings suggest that the prevailing level of neurogenic vasomotor tone in the extremities is not increased in hypertension.
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STUDY of the altered hemodynamics in essential hypertension indicates a significant increase in the total peripheral resistance of the arteriolar bed." 2 The nature of the arteriolar hypertonus remains obscure, but evidence suggests that in some portions of the circulation it may be functional and reversible.2' Using the venous occlusion plethysmograph, several workers have attempted to evaluate the role played by the blood vessels of the extremities in the increased vascular resistance. Most have agreed that there is an increased peripheral resistance in these vascular beds.2 4 5 However, Abramson and Fierst suggested that the forearm blood vessels might not share in the elevated peripheral resistance since they found an increased blood flow in the forearm of their hypertensive patients.6
The extent to which increased vasomotor tone* contributes to the elevated peripheral resistance has been investigated by Pickering5 and Prinzmetal and Wilson.4 When vasoconstrictor tone was decreased reflexly by body heating or by paravertebral block, or From the Department of Medicine, University oi Michigan Medical School, Ann Arbor, Mich.
Presented in part before the mid-western meeting of the American Federation for Clinical Research, Chicago, Ill., October, 1947. Supported by grants from the National Heart Institute, United States Public Health Service; Parke, Davis and Company; and the Life Insurance Medical Research Fund.
* By vasomotor tone we mean the specific contribution to arteriolar tonus mediated over sympathetic ganglionic pathways. 82 where reactive hyperemia was employed, the peripheral resistance in hypertensives did not fall to the levels seen in normotensives. It was suggested, therefore, that the vasomotor tone to the peripheral vessels was not increased in hypertension.
The observation that tetraethylammonium, a drug capable of inhibiting ganglionic transmission of vasomotor tone, reduced the blood pressure of hypertensive subjects more than that of normotensives raised again the question of the presence of increased vasomotor tone in this disease, and the development of such a chemical blocking agent suggested its possible utilization for the measurement of vasomotor tone in the human subject. The present work was undertaken (1) to estimate the vascular resistance in the foot and forearm of hypertensives, and (2) to evaluate a method for measuring vasomotor tone using tetraethylammonium chloride.
METHODS
The plethysmographic technic employed, the preparation of the patient, and the calculation of the data were similar to the methods described in a preceding paper8 with the following exceptions: (1) Dosage of tetraethylammonium was estimated on the basis of bodv weight and approximately 3.0 mg. per pound (1.36 mg. per kilogram) was administered intravenously in each experiment. The range in weight of the hypertensive and control groups was similar and consequently the average dose of tetraethylammonium was comparable. (2) Blood flow in the homolateral forearm and foot were measured simultaneously in most instances. A number of patients were studied on two or three occasions and the data, marked with an asterisk in table 1, Circulation, Volume VIII, July, 1953 represent the mean of the separate determinations.
(3) Pressure in the collecting cuff was determined by the optimum inflow curve obtained, which was usually 15 to 20 mm. below diastolic blood pressure, and this pressure was then utilized throughout the experiment. In most of the hypertensive patients, the decline in pressure induced by tetraethv-lamimonium was not sufficient to lower diastolic blood pressure lcelow the collecting cuff pressures, but occasionally this did occur. In such instances it is possible that an artefact may have been produced by, the prevention of diastolic back flow,9 with the result that the flow as measured may be slightly higher than the true flow.
As in the previous report, blood flow values replresent an average of five consecutive readings, either just before administration of tetiaethylam-moniUIll or at the time of maximal response. Mean blood pressure likewise represents average values taken by the auscultatory method before and during the time of maximal observed blood flows. Peripheral vascular resistance to blood flow w-as calculated in arbitrary units bya the following formula:
Mean blood pressure (mm. Hg.)
Meani blood flow (cc./100 cc. limb volume/min.). The mean1blood plessure was arbitrarily taken as one-half the sum of average systolic and diastolic rea(lins over the period of observation.
The nornmotensive control subjects were patients hospitalized for a variety of reasons but exhibiting no s'-ml)toimis or signs of peri)heral vascular disease.
The hvpertensives were patients with the clinical diagnosis of "essential hypertension." resistance to the flow of blood in the forearm. The means were 58 units in the hypertensive subjects and 40.7 units in the normotensives. The probability of this difference between these respective means occurring by chance alone was slightly less than 1 out of 20.
RESULTS

II. Observations with Tetraethylammonium
A. Estimation of Vasomotor Tone with Tetraethylammonium. (1) The administration of tetraethylammonium is usually followed by a drop in blood pressure and an increase in peripheral blood flow. The peripheral resistance (calculated by dividing half the sum of the systolic and diastolic pressure by the blood flower) decreases. The magnitude of the decrease in peripheral resistance after tetraethylammonium appears to be determined by the level of vasomotor tone at the time the drug is given. In the experiments reported in table 2, increasing vasomotor tone was found to enhance the drop in peripheral resistance after tetraethylammonium; and, conversely, decreasing vasomotor tone was found to decrease the drop in peripheral resistance following autonomic blockade with tetraethylammonium.
The peripheral resistance dropped 79 per cent in subject G. M. (table 2) during "normal" conditions. On a subsequent occasion vasomotor tone was decreased by reflex body heating, accomplished by placing arms and trunk in a body bake for about 45 minutes. The administration of tetraethylammonium now was followed by a decrease in peripheral resistance of only 28 per cent.
In subject W. H. the response to tetraethylammonium after body heating was a drop in peripheral resistance of 9 per cent. Subsequently, when reflex vasoconstriction was induced by immersing hands in ice water, tetraethylammonium administration resulted in a peripheral resistance decrement of 74 per cent.
In the remaining two experiments reflex cooling was similarly found to increase the drop in peripheral resistance after autonomic blockade with tetraethylammonium.
(2) The response of the local vascular bed under scrutiny is the important determinant in the peripheral resistance response to tetra- All values for blood flow and peripheral resistance are referred to 100 cc. of limb volume per minute and are calculated as described in the text. Forearm and foot blood flow were performed simultaneously. In those instances where subjects were studied more than once (indicated by asterisks) peripheral resistance is the mean of ratios for several pressure-flow determinations calculated by averaging the separate quotients. Therefore such mean resistances multiplied by the flows will not equal mean blood pressures. ethylammonium despite the fact that blood pressure and blood flow may both change. If this contention is correct, peripheral resistance should not change in sympathectomized extremities after tetraethylammonium administration. Experiments in table 3 were performed on subjects with sympathectomized extremities. Although alterations in blood flow and in blood pressure were noted after autonomic
The mean decrease was 20 per cent with a range extending from 4 to 48 per cent. Six of the 20 normotensive subjects developed slight increase in blood pressure but the mean change was a decrease of 4 per cent.
(1) Foot. Blood flow was found to increase significantly in both groups. The mean increase in blood flow after tetraethylammonium was 287 per cent over control values in the normo- Table presents the response to 500 mg. of TEA intravenously in volunteer subjects under "normal" conditions on one day and following a reflexly induced change in resting circulation on a subsequent day. Vasomotor tone to the foot was reduced by placing arms and trunk in a body bake for 30 to 45 min. before beginning studs-. Reflex vasoconstriction was induced by immersing hands in ice water for a sufficient period to produce plethvsmographic evidence of vasoconstriction in the foot.
It will be noted that the response to TEA was proportional to the initial magnitude of vasomotor tone. blockade with tetraethylammonium, the slight shifts in peripheral resistance of plus 3 per cent, 0.0 per cent, plus 10 per cent, and plus 1 per cent are not deemed significant.
B. Responses to Tetraethylammonium in
Hypertensive and in Normotensive Subjects. The administration of tetraethylammonium was followed by a marked and significant drop in blood pressure of the hypertensive subjects. tensive population, and 414 per cent in the hypertensive population.
The peripheral resistance decreased in both groups. The mean decrease in the normotensive subjects of 68 per cent did not differ statistically from the mean decrement of 70 per cent found in the hypertensive subjects.
(2) Forearm. Forearm blood flow increased 35 per cent in the normotensives. The hyper-85 1 tensives likewise developed an increased flow of blood to the forearm (33 per cent).
Peripheral resistance dropped in the forearm of the normotensives. The mean decrease was 23 per cent. Administration of tetraethylammonium was also found to decrease the resistance to the flow of blood in the hypertensive subjects. The mean change was minus 32 per cent. The difference between these means (32 per cent, H. M., 23 per cent, N. M.) was not found to be significant, and may well have been due to chance alone.
DISCUSSION
The data reported here indicate that the amount of blood flowing to the foot and to the forearm of the hypertensive subjects studied does not differ from that amount supplying the respective vascular beds in normotensive individuals. Foot blood flow was slightly lower in the hypertensives, and forearm blood flow was slightly higher, but, as indicated above, the discrepancy from the respective normotensive value was not "significant." The resistance to this flow of blood, however, was significantly higher in both the foot and forearm of the patients with hypertension.
No similar study of foot blood flow with the plethysmograph has been made in hypertensives. However, the results of our observations agree with those of Stewart and co-workers'0 who found a slight reduction of blood flow to the skin of the lower extremities in hypertensive patients by means of a calorimetric technic.
The demonstration of increased resistance to blood flow in the forearm in the present work is contrary to the conclusions reached by Abramson and Fierst6 who did not find elevated vascular resistance in the forearm, but our data are in accord with the observations of other workers.4' 5 Implicit in our use of the pressure-flow relationship is the concept that flow varies directly with pressure, or restated, the formula, R = P/F, must be applicable at all levels of pressure. In this connection a re-examination of the data in table 3 from a different point of view will be of interest. These individuals with sympathectomized extremities developed drops in pressure after tetraethylammonium ranging from 21 to 42 per cent at initial levels of pressure which ranged from 84 to 188 mm. Hg. If flow varied directly with pressure there would be similar reductions in blood flow and the quotient of pressure divided by flow (the peripheral resistance) should remain constant. Such was the case. Consequently we believe that changes in peripheral resistance can be compared between hypertensives and normotensives despite the greater reductions in pressure the former experience after autonomic blockade.
These observations of the relationship of pressure and flow are in good agreement with the conclusions of Wilkins and Eichnall that vascular resistance at different levels of blood pressure can be determined by dividing pressure by flow.
The administration of tetraethylammonium is followed by a decrease in peripheral resistance. The magnitude of this decrease can be modified by altering the level of vasomotor tone. Increasing tone by reflex cooling (which induces vasoconstriction) increases the resistance decrement following tetraethylammonium administration. Decreasing tone, for instance, body heating, had the opposite effect. The relationship of the level of vasomotor tone to the magnitude of the peripheral resistance decrement suggests that autonomic blockade by tetraethylammonium may be used to determine the nature of the increased peripheral resistance in hypertension.
Peripheral resistance reductions were expressed in a percentage manner since this takes into account the difference in initial values. The percentage decrease in resistance to blood flow in the foot was essentially the same in the normotensives and in the hypertensives. Since the magnitude of the peripheral resistance decrement was the same for both groups it would appear that neurogenic vasomotor tone to the foot is not significantly increased in hypertension. The decrement of peripheral resistance in the forearm was also similar in both hypertenisives and normotensives. Here thenr, as in the foot, neurogenic vasomotor tone does not appear to be increased in hypertension.
Our observations thus confirm the findings of Pickering5 and of Prinzmetal and Wilson.4 These workers estimated peripheral vasomotor tone by observ7inig the increases in blood flow to extremities after paravertebral block or reflex body heating. Supernormal blood flow increases were not found in the hypertensives, as would be expected if they had increased vasomotor tone. We are therefore inclined to the opinion that in the subjects we studied normal ganglionic transmission of vasomotor tone was present and was superimposed on an underlying vascular hypertonus, the nature of which remains obscure.
CONCLI7SIONS
Employing the venous occlusion plethysmograph and autonomic blockade with tetraethylammonium, evidence is presented which indicates that: (1) The vascular resistance to the foot and forearm is increased in hypertension;
(2) the peripheral resistance decrement to tetraethylammonium is determined by the prevailing level of vasomotor tone, and (3) the prevailing level of neurogenic vasomotor tone in the extremities was not found to be increased in patients with hypertension.
SUMMARY
The effect of the intravenous administration of tetraethylammonium on the peripheral resistance of the extremities is influenced by the prevailing level of neurogenic vasomotor tone. At elevated levels of vasomotor tone the resistance decrement to tetraethylammonium is larger than that decrement observed at low levels of tone. When tetraethylammonium was administered to hypertensive and to normotensive subjects the relative decreases in peripheral resistance were the same in both groups, suggesting that the prevailing level of neurogenic vasomotor tone in the extremities is not increased in hypertension. ACKNOWLEDGMENT We gratefully acknowledge the assistance of D)I. William E. Reynolds of the Department of Preventive Medicine, Harvard Medical School for his evaluation of the data.
SUMARLO ESPAROL
Tetraetiloamonio (TEA) administrado iiitravenosamente disminuye la resistencia periferal vascular. La magnitud del decremento se relacciona directamente al nivel prevalente del tono vasomotor nieurogelnico. TEA fue admiiiistrado a sujetos normotensos e hipertensos. Los decremeiitos en resistencia del pie no difirieron eiitre los dos grupos. Los decrementos del antebrazo tampoco difirieron. Estos hallazgos sugieren que el nivel prevalente de tono vasomotor nieurogenico en las extremidades no esta aumeiitado en hipertension.
